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PROCESS FOR THE TREATMENT OF FCCU OFF GAS 
BACKGROUND OF THE INVENTION 
Field of the Invention 

The present invention relates to the production of ethyl 
5 benzene utilizing the ethylene in an FCCU off gas stream. 
More particularly, the process relates to a process for 
treating an FCCU off gas stream containing ethylene to 
remove catalyst poisons and selectively react the propylene 
contained in the stream. 
10 Related Information 

Ethyl benzene and cumene have traditionally been 
produced by the reaction of benzene and the respective 
olefin, i.e., ethylene and propylene in the presence of an 
acidic catalyst. In some known processes the catalyst is 
15 highly corrosive and has a relatively short life, e.g., 
AICI3, H3PO4 on clay, BF3 on alumina, and others require 
periodic regeneration, e.g., molecular sieves. The 
exothermicity of the reaction and the tendency to produce 
poly substituted benzene require low benzene conversions per 
20 pass with large volume recycle in conventional processes. 

To overcome many of the disadvantages of the 
conventional processes, a process has been developed 
wherein the reaction of the olefin with benzene is carried 
out concurrently with separation of the products by 
25 fractional distillation. One embodiment of that process is 
disclosed in United States Patent No. 5,243,115. 

In addition the use of an FCCU off gas stream in the 
alky lat ion of the organic aromatics contained in a 
reformate stream is disclosed in U.S. Patent No. 5,082,990. 
30 The reference particularly describes the concurrent 
reaction and distillation of U.S. Patent No. 5,243,115. 

In fluid catalytic cracking a heavy "gas oil" stream 
having a boiling range circa 600-1200' F is combined with a 
fine catalytic substance, usually a zeolitic material, at 
35 elevated temperatures, usually above 900 ""F, which breaks 
apart or cracks the longer chain hydrocarbons to shorter 
chain hydrocarbons. In the absence of hydrogen (and 
suitable hydrogenation pressures) some unsaturated 
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compounds are produced. Some gas is produced, the amount 
depending on the severity of the cracking, the gas also 
being rich in unsaturated compounds, i.e., ethylene, 
propenes, and butenes. Since the compounds have value, 
they are usually recovered and used or sold separately. 
However, the unsaturated compound or olefin separation 
results in "waste gas" having an olefin content of up to 20 
mole percent. This waste gas is normally used as fuel in 
the refinery heaters. 

A typical FCCU off gas contains C2 to C4 olefins (mostly 
ethylene and propylene) , some saturated compounds, nitrogen 
compounds such as ammonia, carbon monoxide and water. The 
latter compounds are catalyst poisons for the molecular 
sieves used in the alkylation process. In addition the 
propylene preferentially reacts with benzene to form cumene 
which, in an ethyl benzene process requires separation. 

The major drawback of using the combined reaction 
distillation process for the alkylation of reformate with 
an FCCU off gas is that the catalyst is deactivated fairly 
quickly due to the poisons. In a distillation column 
reactor the replacement or regeneration of the catalyst is 
difficult. 

SUMMARY OF THE INVENTION 

The present invention utilizes a two phase fixed bed 
down flow reactor (guard bed reactor) to react the 
propylene in an FCCU off gas stream with the aromatics, 
primarily benzene, in a refinery reformate stream and 
adsorb the poisons in the FCCU off gas stream. The 
effluent from the reactor is fed to a distillation column 
where gasoline (C7 and heavier) is taken as bottoms and C5 
and lighter material is taken as overheads. The overheads 
contain the purified gas and perhaps some benzene which 
may be fed to an ethyl benzene production unit. These 
overheads are particularly useful in a dilute ethyl benzene 
process wherein the ethylene is fed in a very dilute gas to 
a distillation column reactor. 

The catalyst in the guard bed reactor preferably reacts 
only propylene with the aromatics. One such catalyst is 
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the family known as solid phosphoric acid (SPA) catalysts 
which can specifically react the propylene and leave the 
ethylene. Other useful catalysts are the common acid 
molecular sieves which will preferentially react the 
5 propylene in a mixture with ethylene. If desired the SPA 
catalyst can be combined in the bed with a common molecular 
sieve which will preferentially absorb the catalyst poisons 
in the gas stream. 

BRIEF DESCRIPTION OF THE DRAWING 

10 The figure is a flow diagram of a process utilizing the 

invention in an integrated ethyl benzene process, 
DETAILED DESCRIPTION OF THE INVENTION 
One aspect of the invention is a process for the removal 
of propylene from a refinery gas stream containing ethylene 

15 and propylene, comprising passing the gas stream and a 
liquid stream containing organic aromatic compounds over a 
fixed bed of an alky lat ion catalyst which preferentially 
reacts the propylene with organic aromatic compounds and 
fractionates the effluent from the fixed bed to separate 

20 the remaining gas from the liquid stream. Another aspect 
of the invention is a process for the production of 
ethylbenzene utilizing an FCCU off gas containing 
ethylene, propylene, water, carbon oxides, nitrogen 
compounds and inert alkanes. 

25 The FCCU waste gas contains a variety of unrecovered 

olefins, however the preponderant olefinic compounds are 
ethylene, propylene (propenes) and butenes. The remainder 
of the gas is made up of various saturated hydrocarbons. 
Table I below gives an analysis of a typical waste gas for 

30 use in the invention. The analysis was performed by gas 
chromatography and the components are given as weight 
percent . 



35 
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TABLE I 
Typical Gas Analysis 



5 


Component 


Wt. % 






21.1 






11.1 






12.7 


10 




30.6 




C3_ 


7.9 




C4- 


0.4 




C4 


0.7 




C5+ 


0.1 


15 


N2 


13. 5 




H2 


1.7 




CO2 


0.3 



As may be seen from the analysis of the waste gas the 

20 typical total olefin content is 42.1 percent, divided into 
ethylene, > 11.1 percent; propene, 30.6 percent; and butenes 
and higher, 0.4 percent. The nitrogen in the table is 
total nitrogen and comprises ammonia or any assortment of 
amines and/ or amides. 

25 In catalytic reforming, the raw naphtha, having a 

boiling range of circa 115-350 T, is passed over an alumina 
supported noble metal catalyst at elevated temperatures 
(circa 920-950 *F) and moderate pressure (circa 200-550 
psig) . The catalyst "reforms" the molecular structures of 

30 the hydrocarbons contained in the raw naphtha by removing 
hydrogen and rearranging the structure of the molecules so 
as to improve the octane number of the naphtha. However, 
the increase in octane number also reduces the liquid 
volume of the naphtha as the specific gravity is increased. 

35 Because of the multiplicity of the compounds in the raw 

naphtha, the actual reactions which occur in catalytic 
reforming are numerous. However, some of the many 
resulting products are aryl or aromatic compounds, all of 
which exhibit high octane numbers. The aryl compounds 

40 produced depend upon the starting materials which in a 
refinery are controlled by the boiling range of the naphtha 
used and the crude oil source. The "reformed" product from 
a catalytic reforming process is commonly called reformate 
and is often separated into two fractions by conventional 
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distillations — a light reformate having a boiling range of 
circa 115-250 and a heavy reformate having a boiling 
range of circa 250-400 "F. The aryl compounds in each 
fraction are thus dependent upon their boiling points. The 
lower boiling or lighter aryl compounds, e.g., benzene, 
toluene and xylenes, are contained in the light reformate, 
and higher boiling aryl compounds are contained in the 
heavy reformate. 

The reformate used in the instant invention is 
preferably a heavy reformate to facilitate the separation 
of the purified gas from the gasoline. If either a light 
or full range reformate stream is used, the distillation 
column used for separation is preferably operated to take a 
Cg and lighter cut overhead with the bottoms containing the 
C7 and heavier material including toluene and xylenes which 
would react with the ethylene and produce a mixture which 
would be difficult to separate from the ethyl benzene. 

Referring now to the figure there is shown a simplified 
flow diagram of an integrated ethyl benzene process 
utilizing the present invention. 

The FCCU off gas is fed via flow line 104 and is 
combined in flow line 106 with reformate fed (or any other 
aromatic rich stream) via flow line . 102. Two swing 
reactors lOa and 10b are fed alternatingly via either flow 
line 108a or 108b through either valve 110a or 110b. Each 
reactor contains a bed 12a or 12b of a catalyst selected 
for its ability to selectively react propylene with the 
aromatic contained in the reformate stream. Additionally 
the catalyst beds absorb essentially all of the 
contaminants contained within the FCCU off gas. The swing 
reactors are preferred because one catalyst bed can either 
be replaced or regenerated while the other is in service. 
Exit from the swing reactors 10a or 10b is through flow 
line 112a or 112b respectively through either valve 114a or 
114b. It should be understood that when valves 110a and 
114a are open valves llob and ll4b are closed and vice 
versa • 

The effluent from the reactors less the contaminants and 
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the propylene which has been reacted with aromatics in the 
reformate is then fed via flow line 116 to a distillation 
column 20 where the treated gas is separated from the 
gasoline boiling range reformate. The treated gas is taken 
as overheads via flow line 118 and partially condensed in 
condenser 30. The liquids in the overheads are collected 
and separated from the uncondensed gases in receiver/ 
separator 50. The liquid from the receiver/ separator 50 is 
returned to the column as reflux via flow line 124. If 
desired some overhead product may also be taken. The 
gasoline boiling range reformate is taken as bottoms via 
flow lines 120 and 122. A portion of the bottoms is 
circulated through reboiler 40 via flow line 121 to provide 
heat for the distillation column 20. The remainder is sent 
to gasoline blending via 127. 

The overheads, containing the now treated off gas, can 
be used as feed to an ethyl benzene process. The gas, 
containing ethylene and essentially inert alkanes, is fed 
via flow line 126 to a distillation column reactor 60 which 
contains a bed 62 of suitable alkylation catalyst in the 
form of a catalytic distillation structure as has been 
described in U.S. patents 4,443,559; 4,215,011 and 
4,302,356 which are incorporated herein in their entirety. 
The catalyst packing is preferably arranged in the middle 
portion of the distillation column reactor. The gas is fed 
below the bed 62. 

Benzene is fed to the distillation column reactor 60 
conveniently into the reflux drum 90 via flow line 132. In 
the distillation column reactor 60 essentially all of the 
ethylene is reacted with an excess of benzene to form ethyl 
benzene. The dilute ethylene in combination with the 
excess benzene limits the selectivity to essentially ethyl 
benzene (EB) . The ethyl benzene being the highest boiling 
component is removed as bottoms via flow line 136 and 138. 
A portion of the ethyl benzene may be circulated through 
reboiler 70 via flow line 137 to provide additional heat to 
the process. Unreacted benzene and inert gases are removed 
as overheads via flow line 128 with the benzene being 
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condensed in partial condenser 80 and collected in reflux 
drum 90. The unreacted inert gases are separated from the 
benzene in the reflux drum 90 and removed via flow line 
130. Condensed benzene in the reflux drum is returned to 
the distillation column reactor 60 as reflux via flow line 
134. 

The catalyst used in the distillation column bed 62 may 
be an acid molecular sieve such as the zeolites or an acid 
cation exchange resin. Most preferably for ethyl benzene 
production a zeolite beta molecular sieve has been found to 
be desirable. A catalytic distillation structure for use 
herein comprises placing particulate catalyst, e.g., the 
mole sieve or cation exchange resin particles into a 
plurality of pockets in a cloth belt, which is supported in 
the distillation column reactor by open mesh, 
knitted stainless steel wire by twisting the two together 
in a helical form. This allows the requisite flows and 
prevents loss of catalyst. The cloth may be any material 
which is inert in the reaction. Cotton or linen is 
useful, but fiberglass cloth or "Teflon" cloth is 
preferred. 

The catalyst in the reactors 10a and 10b is a catalyst 
that preferentially reacts propylene with organic aromatic 
compounds leaving the ethylene. One such catalyst is the 
family of catalysts known as solid phosphoric acid 
catalysts (SPA) . The standard acid molecular sieves such 
as zeolites will suffice but there will be a loss of 
ethylene. The propylene reacts twenty times as fast as the 
ethylene over the molecular sieves, but reaction times that 
ensure complete reaction of the propylene will also allow 
some of the ethylene to react. In order to absorb the 
other contaminants (water, CO, nitrogen compounds) in the 
gas stream, it is preferable to mix in some molecular 
sieves to remove these contaminants. Preferably less than 
50 wt.% of the catalysts in the guard bed reactors is a 
molecular sieve, more preferably from about 5 to 30 wt.%. 
There may be more than two guard beds and the composition 
of the SPA, molecular sieve and/or mixtures there of may be 
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different in the reactors. The SPA and molecular sieve can 
be intermixed in layers or intimately mixed into a uniform 
composition or in two distinct layers. Preferably the 
molecular sieve is downstream such that a substantial 
5 portion of the propylene is previously preferentially 
reacted with the aroraatlcs. 

It has been found that zeolites are highly selective for 
the reaction of propylene with aromatics in the presence of 
ethylene at temperatures in the range of 150'F to 225'F. 

10 Higher temperatures favor the reaction of ethylene. Lower 
temperatures substantially reduce the conversion of both 
ethylene and propylene. In the preferred temperature range 
the residence time is not a critical factor although at 
higher temperatures shorter residence time is preferable 

15 and at a lower temperature longer residence time is 
preferable. The preferable range of flow is between 3 and 
26 hr"*^ WHSV in the preferred temperature range. 

EXAMPLE 

A bench scale down-flow reactor consisting of a 5/8" x 
20 6" stainless steel tube packed with 8 g. of catalyst was 
used to treat a feed containing 90% ethylene, 5% ethane and 
5% propylene bubbled into benzene then into the reactor. 
Typical concentrations in the feed were about 4% ethylene 
and 0.2 - 0.5% propylene. The catalyst was LYZ-84. The 
25 conditions and results are set out in Table II. 
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The invention claimed is: 

1. A process for the removal of propylene from a 
refinery gas stream containing ethylene, propylene, water, 
carbon oxides, nitrogen compounds and inert alkanes 
comprising passing the gas stream and a liquid stream 
containing organic aromatic compounds over a fixed bed of a 
solid phosphoric acid catalyst and an acid molecular sieve 
which preferentially reacts the propylene with organic 
aromatic compounds and absorbs substantially all of said 
water, carbon oxides and nitrogen compounds and 
fractionating the effluent from the fixed bed to separate 
the remaining gas from the liquid stream. 

2. The process according to claim 1 wherein there are 
two of the fixed beds in parallel such that one bed can be 
used for the reaction while the other bed is being replaced 
or regenerated. 

3. The process according to claim 1 wherein said liquid 
stream comprises a reformate stream. 

4. The process according to claim 3 wherein said liquid 
stream comprises a heavy reformate stream. 

5. The process according to claim 1 wherein said 
refinery gas stream comprises an FCCU off gas. 

6. A process for the production of ethylbenzene 
utilizing an FCCU off gas containing ethylene, propylene, 
water, carbon oxides, nitrogen compounds and inert alkanes 
comprising the steps of: 

(a) feeding the FCCU off gas* stream and a reformate 
stream to a reactor containing a first fixed bed of a solid 
phosphoric acid catalyst and an acid molecular sieve 
thereby 

(i) reacting substantially all of the propylene 
with organic aromatic compounds contained in said heavy 
reformate stream to produce a product stream containing 
alkylated aromatic products and 

(ii) absorbing substantially all of said water, 
carbon oxides and nitrogen compounds onto said catalyst to 
produce an effluent substantially free of propylene, water, 
carbon oxides and nitrogen compounds; 
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(b) feeding the effluent from said reactor to a 
distillation column wherein gas containing the ethylene and 
inert alkanes is separated as overheads from a product 
stream which is taken as. bottoms; 

(c) feeding the overhead gas from the distillation 
column and benzene to a distillation column reactor into a 
feed zone; 

(d) concurrently in said distillation column reactor: 

(1) contacting said benzene and said overhead gas 
stream with a second fixed bed containing an acidic 
catalytic distillation structure comprising a zeolite 
catalyst in a distillation reaction zone thereby 
catalytically reacting at least a portion of said benzene 
with the ethylene in said overhead gas stream to form ethyl 
benzene ; and 

(2) fractionating the resultant ethyl benzene from 
unreacted material; 

(e) withdrawing the ethyl benzene from the 
distillation column reactor at a point below said reaction 
zone; and 

(f) withdrawing unreacted materials from the 
distillation column reactor at a point above said reaction 
zone, 

7. The process according to claim 6 wherein said 
second fixed bed contains a zeolite beta catalyst. 

8. The process according to claim 6 wherein the acidic 
molecular sieve comprises less * than 50 wt.% of the 
alkylation catalysts in the first fixed bed. 

9. The process according to claim 8 wherein the solid 
phosphoric acid and acidic molecular sieve are in separate 
layers. 

10. The process according to claim 8 wherein the solid 
phosphoric acid and acidic molecular sieve are intimately 
intermixed. 
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